Objective: Facial blushing and hyperhidrosis, particularly in the facial, axillary or palmar distribution, are socially, professionally, and psychologically debilitating conditions. Endoscopic thoracic sympathectomy can be carried out through multiple ports or by using a single port and a modified thoracoscope with integrated electrocautery. We reviewed our own experience to compare outcomes between these methods. Methods: One hundred and nine consecutive endoscopic thoracic sympathectomies performed on 96 patients (M:F, 30:66) were examined with respect to operative method, symptom control, and patient satisfaction. Complete follow-up was available on 144 treated sides in 77 patients (80.2%), 38 treated with two ports, 39 performed by a one-port procedure. Mean age was 32.6 years (range 18-63) with a median follow-up of 25 months (range 5-85). Pooled data showed that the mean duration hospital stay was 1.6 nights with no deaths, conversions, or neurological injuries. Results: The one-port group showed superior outcomes in terms of hospital stay, rate of postoperative pneumothorax, and the need for chest drain insertion; however, there was no correlation between number of ports and patient satisfaction. The mean overall satisfaction rating out of 5 was 3.3 with 76.6% of patients rating the outcome as 3 or more. 90.9% had an initial improvement in symptoms, although 21 patients (27.3%) described a late return of symptoms. Conclusion: Endoscopic thoracic sympathectomy can be safely and effectively carried out using a single port with similar results to the traditional two-port procedure. The one-port procedure may allow for a shorter duration of stay and lower complication rate. #
Introduction
The first reports of sympathetic chain resection were published as early as 1920 [1] , while the first report of endoscopic thoracic sympathectomy (ETS) was published in 1942 by Hughes [2] . Minimally invasive ETS has evolved to become a safe, effective, and reproducible treatment for facial blushing and hyperhidrosis (HH) of the hands, axilla, or face. Large published series have shown success rates of 71-100% following ETS with improved quality of life and treatment satisfaction of 93-95% [3, 4] . However, no randomized trials have yet been performed to demonstrate the superiority of ETS over non-surgical treatments.
Primary or essential HH is a pathological condition of overperspiration characterized by excessive secretion of the eccrine glands disproportionate to the requirements of thermoregulation and dissipation of body heat. This is a functionally, professionally, and socially disabling condition with an estimated incidence of 1% in developed countries [5] . The impact of HH on patients' quality of life is probably underestimated in clinical practice. No systemic or topical therapy has been found to reliably alleviate symptoms of HH. Among treatments used are antiperspirants, aluminium chloride, tap water ionotophoresis, and oral anticholinergics. Botulinum Toxin A (Botox TM ) injection is the sole non-surgical treatment to show promise; however, limited long-term follow-up obligate further investigation [6] , particularly when paralleled with the need for repeated treatments in other clinical indications.
Thoracic nerve resection (sympathectomy) or ablation (sympathicotomy) of the upper dorsal sympathetic chain has become the gold standard treatment for HH and facial blushing [7] . With the introduction of the endoscopic era, improved equipment has allowed a minimally invasive procedure to be carried out using video-assisted fiber optic thoracoscopy yielding excellent views of the sympathetic chain. More recently, the integration of electrocautery/ diathermy to the thoracoscope permits a single-port procedure [8] [9] [10] . This approach has been shown to be faster [11] , provides excellent cosmetic and functional outcomes [10] does not require repositioning of the patient to do on both sides [12] . Despite this there is evidence that this method is underutilized with a recent regional survey showing only 1 of 78 surgeons used a single-port method [13] .
Our aim was to analyze and compare the outcomes in patients treated using a one and more standard, multipleport method.
Materials and methods
Between January 1998 and December 2003, 179 ETS were carried out on 96 patients by a single surgeon and anesthetist in an inner city University Teaching Hospital. There were 66 women and 30 men with a mean age of 32.6 years (range 18-63). One hundred and sixty-six procedures were bilateral; while of the 13 unilateral ETS, 10 were on the right. Four of the 96 patients (4.2%) went on to have a second operation, which was unilateral in all cases.
All 'redo' procedures and those patients treated for other indications, predominantly upper limb Raynaud's syndrome or ischemia, were excluded. Fifty-four ETS were performed for facial blushing/HH, 48 for axillary HH, and 54 for palmar HH, either solely or as a combination of symptoms (Fig. 1) .
In bilateral procedures, the left side was operated on first and double lumen tracheal intubation was employed in all cases to allow isolation and active deflation of the operated side. Patients were placed in a semi-Fowler's position thus exposing both axillae to allow a sequential bilateral procedure without the need for turning. Peripheral arterial hemoglobin oxygen saturation was monitored routinely with pulse oximetry. On either side, the incision was made in the third intercostal space in the anterior axillary line. Thereafter a flexible port was introduced into the pleural cavity with an obtuse head trocar. In the small number of patients where pleural adhesions were encountered, these were divided without the need for an extra port. Monitoring of hand temperature to assess adequacy of resection was not routinely employed.
All cases used video assistance. The first 42 procedures were carried out using a 10 mm thoracoscope necessitating a second port for hook electrocautery in the second intercostal space in the mid-clavicular line. The remaining 54 operations were performed via a single port using an 8 mm 08 thoracoscope with integrated diathermy (Karl Storz Co, Tuttlingen, Germany). Following electrocautery of the sympathetic chain -T2 for facial blushing/HH, T2,3 for Palmar HH and T2,3,4 for axillary HH -the lungs were reinflated under direct vision. Bleeding from small venules crossing the sympathetic trunk following ablation was controlled with diathermy. The intercostal muscle layer was closed with 2.0 PDS on a 'J-shaped' needle under a steristrip cutaneous apposition. All patients had a postoperative chest X-ray and a chest drain inserted where there was a significant pneumothorax. The majority of patients were discharged the next day with appropriate analgesia.
Follow-up was made by standard 6-week outpatient visit, medical note review, and by a specifically written postal questionnaire ( Fig. 2) , with a telephone interview for those who were non-responders. Patients were asked to rate their operative outcome of the procedure using a five-point scale.
Returned questionnaires were pooled with personal details, operative notes, preoperative and outpatient visits and were analyzed using SPSS V11.5. Statistical analysis is expressed as a mean for parametric data and median with ranges for non-parametric data. Comparisons between nonparametric data of the individual subgroups were done using a Pearson's correlation coefficient.
Results
Of the 180 procedures carried out on 96 patients, complete follow-up was available on 144 treated sides in 77 patients (80.2% return rate).
Pooled data represent 134 bilateral and 10 unilateral primary procedures, 38 treated with two ports, and 39 performed by a one-port procedure. There were no deaths, conversions, or neurological injuries (including postoperative Horner's syndrome). Blood loss was not routinely recorded but there was no incidence of postoperative hemothorax in the cohort. The demographics and operative outcomes of the two groups are outlined in Table 1 . The two groups were similar in terms of age, sex distribution, and history of an affected family member. The difference in the rate of postoperative reflex sweating (RS) in the two groups was not statistically significant.
Nine patients (11.7%) had a unilateral pneumothorax on chest X-ray, two of whom (1.3%) required intercostal drain insertion on symptomatic grounds. The rates of postoperative pneumothorax were 7.7% and 15.8% in the one-and multipleport groups, respectively (P < 0.05), and it was noteworthy that both cases where intercostal drains were required were in the multiple-port group. There was a positive correlation between duration of hospital stay and presence of pneumothorax (P < 0.05).
The mean patient satisfaction was higher in the one-port group, 3.42 compared to the multiple-port group, 3.18 (P = 0.13). None of the patients in the single-port group went on to have 'redo' surgery while 4 patients (10.3%) went for a second procedure in the multiple-port group. All four additional surgeries were carried out because of a favorable outcome on one side only following bilateral ETS.
Patient stay was shorter in the single-port group with a mean stay of 1.51 nights compared to 1.79 in the multipleport group (P = 0.07) The earlier discharge in the former group was not due to the higher rate of pneumothoraces and chest drains in the multiple-port group. The mean hospital stays for the cohort excluding postoperative pneumothoraces were 1.38 and 1.67, respectively.
While over 75% of the cohort rated their symptoms after the procedure as satisfactory or better, 17 patients rated symptoms as poor or worse. The overall satisfaction in patients with isolated axillary symptoms (3.38) compared favorably with those done for facial, palmar, or a combination of symptoms (3.24). However, the axillary group made up a greater percentage of those who complained of RS (43.9%) compared to those who were unaffected (23.0%).
Sixteen patients (20.7%) reported a family history of the condition. Seven had parents affected (9.1%), 5 had a sibling with the condition (6.5%), while in 4 individuals (5.1%) there was a history spanning two generations.
Almost 91% described a significant improvement in their symptoms following the procedure, 59 describing this as immediate (76.6%), with a further 11 describing a delayed improvement (14.3%). Seven patients described no improvement in their symptoms (9.1%). Twenty-one patients (27.3%) described a late return of symptoms with 72.7% symptom free at a median follow-up of 25 months (range 6-85).
Twenty-seven patients (35.1%) experienced RS, but it is noteworthy that only 6 patients (7.8%) reported this as severe. The mean score of patients without RS was 3.70 while in the RS group it was 2.56 and there was a positive correlation between poor patient satisfaction and the presence of postoperative RS (P < 0.05). Thirty-one patients had some form of preoperative treatment consisting of topical creams (20) , oral medication (9), and Botox TM (2) . The main source of information about the procedure prior to referral was the family physician (90.9%). In addition, 14 (18.2%) and 10 (12.9%) patients had consulted a dermatologists and the Internet, respectively. The absence of treatment or information prior to referral was a positive predictor of poor patient satisfaction (P < 0.05).
Discussion
This cohort study provides a comparison of a standard multiple-port technique and a single-port procedure, the former group acting as a control. The 80.2% return rate compares favorably with those in similar studies conducted elsewhere [14] . The anonymity of a postal survey provides data that is free from medical influence and provided a genuine patient viewpoint on satisfaction with the handling of their condition, the procedure, and perioperative information.
The results show that a one-port procedure is feasible, effective, and safe with similar outcomes, rates of RS, and patient satisfaction when compared with a standard procedure. These results are consistent with recently published data in terms of success, RS, patient satisfaction, pneumothorax, hospital stay [5] , and family history [6] . HH and facial blushing are extremely debilitating conditions with several of the patients in our study describing the postoperative results as 'life changing'. The delayed improvement in symptoms observed in 14.3%, in the first few days postoperatively in most cases, is an odd finding and this subgroup of responders has not been reported before and did not have preponderance for any particular anatomical indication.
Although it is traditionally believed that the degree of postoperative RS was related to the extent of dissection, this has recently been questioned [15] and some authors would regard the high rates of RS seen in ETS, more than 90% in some series, as a consequence of the procedure rather than a true complication. It is widely accepted that RS is more common among patients treated for axillary HH than for other indications. Subgroup analysis in our patients showed those operated on for axillary symptoms made up a greater percentage of those who complained of RS (43.9%) compared to those who were unaffected (23.0%), similar to the poor outcomes reported in axillary patients by others [16] . The incidence of RS in this study is comparable with rates in large series and did not translate into a significant difference in patient satisfaction (3.38 vs 3.24). In our patient group, RS was well tolerated in most cases with only a small number of patients complaining of severe RS. Published case series with extensive follow-up would indicate that in up to 90% of cases, RS is well tolerated [17] .
A family history was present in 34% of our patients, while rates as high as 65% have been reported in a Californian patient group, of comparable ethnic make up [6] . Although the influence of genetics has yet to be defined, the percentage of patients reporting a family history is higher than would be suggested by the 1% overall incidence and may represent either a true familial disposition or an underestimation of the overall prevalence of the condition. There is no evidence that the presence of a family history should alter investigation or treatment of HH or blushing.
In this study, there were no reported episodes of postoperative Horner's syndrome. This reflects the fact that the stellate ganglion is not visualized using the thoracoscopic approach. Interestingly, in the early reports of ETS, the incidence of Horner's syndrome was as high as 12% [18] but improved familiarity with the procedure and the anatomy, in particular the avoidance of the superior third of the stellate ganglion has resulted in rates of less than 1% in more modern series [19] .
Postoperative pneumothorax rates have been reported as high as 75%, with 0.4-2.3% of these patients requiring chest drain insertion [20] . The incidence of pneumothorax in both groups compares favorably with these figures but it is noteworthy that both patients who required drains were treated by the traditional multiple port procedure, perhaps because a multiple port procedure is more likely to cause parenchymal injury and so require intercostal drainage.
Variability exists in the reported series in methods of inhaled anesthesia. In our series we employed double lumen intubation for sequential isolation and deflation of the operated side because it permits instantaneous visualization of the chain without the need for retraction. This is in accordance with groups who practice a minimally invasive or 'needlescopic' technique [9, 21] but differs with the larger published series from Korea [22] , Sweden [23] , and Taiwan [24] where a trend towards single lumen intubation using a second port for retraction and apnoeic anesthesia is favored. It is notable, however, that in a paper concentrating on complications of ETS that three of the nine deaths described occurred with the use of double lumen anesthesia, the other deaths from bleeding (5) and an unknown cause (1) [20] .
It is our practice to have a standardized preoperative discussion of the operative procedure, intended outcomes, and complications at the outpatient clinic and just before surgery. Despite this uniform approach, it was interesting to find that those who had been exposed to little information prior to referral to our service had poorer overall satisfaction that was not explained by any difference in indication, symptom distribution, or incidence of complications. It is difficult to explain this difference, and is likely to reflect a confounding variable such as those who seek information out are likely to gain most form the consent process and so have more realistic expectations form ETS.
Despite the non-randomized nature of this cohort study, we conclude that bilateral ETS can be successful when carried out through one port using double lumen intubation as short stay procedure with low complication rates. We have shown that the operation is particularly effective for facial and palmar symptoms. The high rates of RS seen in patients treated for axillary HH necessitates careful preoperative discussion but in this group did not translate into poor patient satisfaction. In this group, Botox TM has a potential as an adjunct or alternative to ETS.
